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INTRODUCTION 
. -.- 1 N T ROD U C T I 9 N . - . -
It is not the primary purpose of this present 
work to tre§.t the problem of the evolution of behavior , 
but rather to give an analysis of animal behavior 
as Observed . These observations may appear as simple 
tests , but they make possible a new way to measure the 
capacity and determine the rate of learning by the 
animal mind . 
~rogress in learning takes place through increased 
variety and precision of the movements brought about 
by stimulation and is very clearly observed in Amoeba , 
where we find the production of varied movements and 
the resolution of one physiological state into another . 
Thus the organism reacts no longer by trial , -
by the overproduction of movements , - but by a single 
fixed response , appropriate to the occasion. 
We often speak of these responses as reflexes , 
tropisms, habits , and instincts . These fixed responses 
can be firmly established ~nd they will not give way 
until a long period intervenes and the old respol~es 
are modified or destroyed by a new environment . 
- 1 -
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Observation and experiment show that many 
variations exist in the behavior of animals. It is 
known that organisms have developed special types 
of behavior, such as burrowing or running along 
the bottom of a pond. 
When a response has been established by many 
repetitions, the organism will lose all tendency to 
react in any other way than to the particular one 
in question. In the early period, during which the 
organism is establishing such a response, it will 
retain the power of attempting other methods of 
reaction, such as performing other movements . BUt 
these movements will be ineffectual, because the 
structures of the organism may not be best adapted to 
their performance. They will not relieve the organism 
from stimulation, hence they will be quickly exchanged 
for ,those movements which are effective. Then the 
organism will react always by those movements on 
which its structure is based. If these ineffectual 
movements are not observed, it will appear that the 
organism has been rigidly limited from the beginning 
. to this one type of behavior. 
There is the view that animal behavior is based 
largely on this selection from among varied movements 
and that there is a kind of retention of the selected 
movements. 
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We often say that an animal perceives and we 
base this statement on our own observation that 
it reacts in some certain way . We might say that 
Amoeba perceives all classes of stimuli which we 
as individuals perceive . Then we base perceptions 
upon our own judgments . 
The term "discrimination" means an observed 
fact that animals , both invertebrate and vertebrate , 
react differently to different stimuli . It is known 
that paramecium has the power of discriminating 
between acids and alkalies . The Amoeba can discrimin-
ate an Euglena cyst from a grain of sand . This being 
true of unicellular forms , we may then say that all 
animals show the power to discriminate in some way 
or other . 
The term II choice u is used when an organism 
accepts or reacts positively to some things . Organisms 
choose things which ~re an aid to their norn~l life 
process and reject those that do not . Choice is not 
perfect altogether , for inert substances are ' swallowed' 
by paramecium. 
Behavior is based upon the method of trial and 
error , and this process makes use of action that is 
very similar to choice . l.iany scientists believe that 
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the behavior of the infusorian is a process of 
choice and that choice is the necessary constituent 
of behavior . 
In attention we find that the organism reacts 
to only one stimulus even if others are present . 
The organism then concentrates its efforts to one 
stimulus to Which it responds . 
It is known that utentor and .Paramecium, while 
reacting to conta ct with a solid, are not influenced 
to any extent by heat , chemicals or electric current . 
Thus an organism reacts to one stimulus or the other , 
but not to both at the same time . 
In the higher vertebrates , there are distinct 
conditions , as the "emotions" , II feeling" , I'appetites " , 
and "desires" . The behavior depends upon the physiol -
ogical condition of the organism, but in the lower 
organiSms there are a number of states that are parallel . 
When the hydra is observed , we notice that it 
opens its mouth widely when inunersed in a nutri tive 
liquid . The flatworm has a certain physiological condi -
tion when it moves about in hunting for food . This 
searching for food on the part of the individual is 
called a IIdesire
11 
in higher animals . 
If we continue our research all the way up the 
scale to man, we find that organisms react negatively to 
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injurious and powerful agents. We speak of them 
as "painll in man. When we view a wild beast , the 
sight is not injurious, but the after-thought 
causes a negative reaction and is called 'fear ll • 
By careful study we notice that an organism 
moves and reacts in ways that are advantageous to 
it . If it gets into warm water , it tries to get out 
and the same is true of excessively cold water . If 
by accident it finds itself in an injurious chemical 
solution, it tries its best to sWim into another 
medium. If there is not enough oxygen present in a 
certain place , then it goes t o a region where it can 
secure it for respiration. 
The term "be~aviorll then is used as a mere 
collective name for the most obvious and most studied 
of the responses of the organism. It is generally 
accepted that these responses are closely connected 
with and are outgrowths of the more recondite internal 
processes . They follow laws the 'same as those of 
other life processes . In our observations we can see 
not only what the animal does , but how this happens 
to be regulatory . 
We know that anything injurious to the organism 
causes changes in its behavior and that these changes 
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bring the organism into new conditions . As long as 
the injurious condition exists , the behavior changes 
continue . 
If several changes of behavior take place 
successively that subject the organism to various 
possible conditiOns , a condition will finally be found 
that proves least injurious to the organism. Then the 
changes in behavior stop and the organism remains in 
the favorable condition. 
~awlow ~1898) showed that the adaptive changes in 
the activities of the digestive glands , fitting the 
digestive juices to the food taken, do not occur instant -
ly and completely under a given diet , but are brought 
about gradually _ As long as a dog is given a diet of 
bread , the pancreatic juice becomes more adapted to the 
digestion of starch. Thus various organs have certain 
possibilities of variation, which are due to the develop-
II. ' II ment of something corresponding to the act~on system in 
behavior . In the pancreas there will be certain possi -
bilities as regards chemical changes . This i1 ac tion systemll 
may be a production of quantities of enzymes . 
~ersonal chOice in man is usually conscious chOice , 
but in other animals there is some doubt as to whether 
it is accompanied by consciousness . Thus we have the 
following processes: -
- 7 -
1 . Definite internal processes are 
occurring in organisms . 
2 . Interference with these processes 
causes a change of behavior and varied 
movements , Subjecting the organism to many 
different conditions • 
. 3 . One of these conditions relieves the 
interference with the internal processes , so 
that the changes in behavior cease . 
HISTORY OF ANIMAL jjEHAVIOR. 
- 8 -
. -.- HJ.S'l'OHY OF AN1MAL bEHAVIOR -:-
It has long been an established fact that in 
order to find new formulae and solve difficult 
problems , it is necessary to resort to experimenta-
tion. Yet it has only been within the last decade 
that scientific methods have been applied to the 
problem of the character and keenness of the II'intellect II 
of the lower vertebrates . 
There is abundant evidence that casual observa-
tions of the behavior of lower animals have been made 
and sometimes used to point a moral lesson, as in 
.the well known statement of oolomon in reference to 
the "industry"' of the ant . 
The inhabitants of Thrace for centuries have 
used the fox to test the strength of ice on a river 
before crossing it themselves . e know that' the fox 
has a keen sense of hearing and listens to the roar-
ing of the water beneath the surface of the ice and 
judges for himself whether the surface will support 
his weight . 
Darwin, in his "Descent of Man" , says - lias dogs , 
cats , horses and probably all higher animals , even 
birds , have vivid dreams , and, this is shown by their 
movements and the sounds uttered, we must admit that 
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they possess some power of imagination" . 
In 1890, Loeb advanced the theory that the 
responses of animals to stimulation, instead of 
being signs of "sensation", are analogous to 
the reactions of plants to such stimuli as light . 
The idea that lower animals lack any charac-
teristic resembling human consciousness in the 
sense of the present day meaning of that term 
seems very probable, but sensations, feelings and 
passions play an important part in the animal mind 
without involving thought . 
It is almost impossible to fix a point where 
intelligence makes its first appearance . The intelli-
gence of the higher Mollusca had, in all probability 
an independent origin from that of the Arthropoda, 
and the intelligence of the Vertebratea was probably 
developed independently of that of the other groups. 
Even among the Arthropods themselves it is not 
believed that the intelligence manifested by the 
Arachnids had a common origin with that of the Insects, 
and that in both of these large groups intelligence 
may have developed independently out of behavior of 
the purely instinctive type. 
It is known that intelligence is not an entirely 
new powe~ unrelated to the .other activities (hf organic 
life, but that it is a process growing out of other 
-IQ-
organic functions; as Spencer has said -
"a higher phase of those processes of adjustment 
and regulation which make up the life of the 
animal" • 
Wasmann defines intelligence as the power of 
reasoning by the general use of concepts. In 
Coelenterata, the behavior is of the reflex type 
and it is often highly plastic and capable of being 
modified in many ways as the result of previous 
experience. Echinoderms show a complex and plastic 
behavior to a certain degree, but little truth is 
known as to their power of fOrming associations. 
Preyer, in his investigations of the starfish, found 
indubitable indications of intelligent action, but 
Jennings and Glaser did not confirm ~reyer's con-
clusions. It is known that the starfish can acquire 
habits of a certain kind, but it cannot form asso-
ciations. 
The power of associating certain appearances 
with food might be expected to occur among the 
earliest manifestations of intelligence. Miss Sondheim 
kept a damsel fly larva in a dish of water, where it 
was frequently fed. At the first feedings, the larva 
scuttled away in fear, but after several feedings, 
this Ittimidi ty" was overcome. Soon it would take flies 
from her fingers and would come toward her whenever 
she would approach. 
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~ asmann trained a worker ant to eat honey 
from the end of a needle. Later the ant became so 
tame that it would accept honey from his finger. 
Insects, like higher animals, learn to avoid 
injurious substances which they at first attempted 
to use m food. Reuter placed some poisoned syrup 
near a nest of ants. Many of the ants partook of 
the syrup, but soon they ejected it and refused to 
eat any more. Forel believes that insects have 
ability to draw inferences from analogy. e have 
at some particular time noticed that animals meet 
obstacles or unusual situations and the solution of 
such confronting problems requires more than "mere 
instinct ll • Ants are said to be gifted with ingenuity, 
reason, and imagination. 
Wasmann placed a few pupae in the center of a 
watch glass filled with water. The ants being nearby, 
soon brought some sand and threw it into the water in 
the watch glass until a passage was formed and the 
pupae were carried away. 
Kirby and ~pencer, by careful observation, 
noticed a beetle which had made a pellet for the recep-
tion of its eggs. The beetle was unable to roll the 
pellet out of a depression into which it had fallen, 
even after many trials. She then "\'lent to a colony 
and returned with three companions who succeeded in 
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moving the baIlout of the depression. This 
example shows that insects must have some means of 
communication and of receiving information. 
A populous ant colony will make an attack upon 
a neighboring nest, While a small colony will seek 
safety. The ants stay close together in their long 
expeditions and follow their scouts. 
The means of communication noticed are striking 
with the antennae, butting with the head, opening the 
jaws, beating the floor with the abdomen, and the 
production. of sounds of various degrees of intensity. 
Wasmann has compiled a sort of vocabulary of 
signs made by the antennae-- a IIWorterbuch der Fuhler-
sprache", which is about as extensive as Garner's 
"Language of Apes " . 
By the vigor and frequency of the strokes of the 
antennae, the one ant may inform another about food, 
danger, and cooperate in various kinds of manual work. 
The fundamental law of all learning is the Law of 
.1\epetition. The nervous process that takes place 
traverses a certain pathway in the nervous system. ~t 
has been found that sea~anemones are able to distin-
guish between real food and filter paper soaked in food-
juice. Several such experiences enable the individual 
to distinguish more readily the real from the artificial 
food. Fleur and ~/alton believe that true learning is 
involved here. 
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Yerkes trained an earthworm, by giving it 
an electric shock when it followed its innate 
inclination to turn towards a darkened region, to 
turn away and towards the light . ~zymanski suc-
ceeded in training the cockroach to go to the 
lighted part of a box even though it always pre-
ferred the darkened . 
The instinct in the above cases is completely 
suppressed by punishment . llinishment gives an 
unpleasant feeling or sensation that causes the 
animal to take the path where he will not experience 
it . It may be true that the animal does not compare 
the light With the dark passage , but learns to dis -
tinguish the passage to be avoided . 
The punishment inflicted by the electric shock 
is a very important factor . uome animals are more 
sensitive than others . Yerkes is given the credit of 
being the first man to use the electric shock as a 
means of training animals . He tried to educate a frog 
to make a turning to the right . The frog would some -
times sit motionless , so he employed the electric shock 
to induce greater activity . he also experimented upon 
the relation of the strength of the punishment to the 
difficulty of the discrimination required of tbe 
animal. it was found that weaker punishments were 
more effective in the learning of hard discriminations 
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and stronger punishments in the case of easy dis-
criminations. Dodson, on the contrary, found that 
the hardest discriminations were acquired by kittens 
in 825 trials with a moderate stimulus; but 107.5 
trials were required in the case of a strong stimulus. 
Wodsedalek showed that immature mayflies could 
be trained by feeding to OVSDoome their innate response 
to light. This insect has a strong tendency to avoid 
light and hide under stones in water. He fed them 
daily on the upper surface of a stone and succeeded 
in overcoming this reaction. All that was required to 
bring the mayfly from its hiding place, was to jar 
the dish and the insect would come to the upper sur-
face of the rock and hasten to the feeding place. 
The earthworm will not respond to light if it is 
feeding or mating. It has been found that sea-urchins 
interlace their spines when a solution of weak acid is 
dropped into their midst. A Slight shaking will restore 
them to their normal position, but if more acid is 
added, no mechanical stimulation wi ll overcome the 
effect of the chemical. 
It is known that an animal should be able to 
respond to a very faint food stimulus rather than to 
any of the stronger forces acting upon it. Thus the 
prime need of animal life is some arrangement whereby 
-15-
weak, but important stimuli shall be given the 
preference in determining reaction over stronger, 
but less vitally necessary ones. A little chem-
ical energy given out by a bit of food may effect 
the nervous system to a great extent. Light stimuli 
may involve an insignificant amount of energy in 
comparisoh to other forces. 
It follows then that instinct unmodified by 
experience is adapted to general rather than to 
special features of environment. Then individual ex-
perience brings to light the importance of certain 
particular stimuli. A rabbit crouching motionless, 
watching each movement of a possible enemy, gives an 
example of breathless attention. 
~ma~l demonstrated that rats may be trained to 
dig for food. He buried food in saw-dust at the 
posterior end of a long box and found that it re-
quired one and one-half hours for the animal to dig 
in the ri~1t place the first day. it took eight 
minutes on the second day and thirty seconds on the 
thirteenth day. Cole s experiments with the racoon 
show that this animal is midway between the monkey and 
the cat in rate of learning. Both animals learned 
combination locks and showed a tendency to go through 
certain motions immediately. 
Many animals use landmarks to guide themselves on 
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their return home . Holmes observed that the wasp , 
on leaving its nest in search of food for its young , 
makes an extensive flight about its locality. On 
returning home with its prey , the insect retraces 
its flight by certain landmarks previously noted . 
This learning is rapid and temporary . 
It is supposed that cats and dogs dream because 
they snarl and twitch in their sleep. Some animals 
show a marked depreSSion during their master i s or 
mistress · absence . 
There are certain factors that affect an animal ' s 
behavior;-
1 . Its age . Yerkes showed that the young danc-
ing mouse learns to discriminate faster than 
an older animal . 
2 . That sex is an important factor was shown 
by Yerkes in the ~ase of dancing mice . The 
males of this species learn faster than the 
females . 
3 . The number of trials per day has a remarkable 
affect upon the speed of the learning. 
Ulrich has shown that Whi~e rats learn the 
puzzle -box habit in a shorter time with fewer 
trials per day, say one , than with three or 
five per day. In some instances marked im-
provement is secured when the animal has only 
one trial every third day. We know by exper-
-17-
ience that the best way to memorize 
a passage is not to try to learn it at 
once, but to repeat it now and then. 
This is known as the "set method". 
4. By learning one habit other habits may 
be more easily acquired. Yerkes showed 
that dancing mice which have learned one 
maze, learn another one more rapidly than 
those that have had no previous training. 
5. Animals differ greatly according to ability. 
Wodsedalek showed that a certain mayfly was 
especially talented . Many experimenters 
have reported similar individual variations. 
Forel found that humble-bees have the capacity to 
distinguish between a blue circle and a strip of blue 
paper. An English sparrow and a cowbird learned to 
discriminate between a card bearing three horizontal 
bars and one bearing a black diamond. 
Sir John Lubbock taught his poodle "Vanll to pick 
out cards marked "Food", "Bonel!, "Out" and IIWa ter" , 
and to present each one when mentioned or indicated by 
its master. It required ten days to make the first 
step in discriminating between a printed and a plain 
card; a month was required to perfect it; and it took 
twelve days before Van would pick the right card when-
ever he wanted food or water. Out of the 113 trials 
noted, only two mistakes were made. 
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In the rat we find a high development of 
qualitative discrimination in the sense of smell. 
Persons who have had the experience in hunting, know 
that wild animals can protect themselves by this 
keen sense. We have noticed that the domesticated 
dog or cat in a distant room is awakened from its 
slumber by the presence of odors from food being pre-
pared in the kitchen. The keen smelling sense is 
highly developed in such dogs as blood hounds. 
In as high a vertebrate as the rat, we see evi-
dence of past experience. The animal is affected in 
his present actions by the result of previous stimuli. 
Its method of choice is trial and error. A chemical 
or physical stimulus acting repeatedly upon an individ-
ual animal produces unpleasantness that finally becomes 
"unbearable ll • Then the animal sets to work to find 
a way to get rid of the irritating stimulus. But after 
long exposure to this stimulus, it is no longer felt; 
the animal ceases its movement and has attained to what 
is known as a state of adaptation. In this state of 
adaptation, the sense organ becomes incapable of 
responding to the stimulus. ~ersons who work in bakeries, 
drug stores and other places where certain odors are 
present, find that they are unable to detect the odors 
after a certain period of time. 
". 
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Small has found that white rats show evidence 
of a very simple kind of imitation. He says that 
when one rat sees another digging, it will dig also; 
if one runs over a box, others will follow. Berry 
clai~ to have found evidence of intelligent imitation. · 
"When two rats were put into a box together, one rat 
being trained to get out of the box and the other un-
trained, at first, they were indifferent to each 
other1s presence, but as the untrained rat observed 
that the other one was able to get out while he was 
not, a gradual change took place. The untrained rat 
began to watch the other closely; he followed him all 
about the cage, standing up on his lund legs beside 
him at the string, and pulling it after he had pulled 
it. We also saw that when he was put back, the 
immediate vicinity of the loop was the point of great-
est interest for him, and that he tried to get out by 
working at the spot where he had seen the trained 
rat try." 
It was noted that the untrained rat showed little 
interest in the actions of the trained one until he 
found that his trained brother knew hoW to make his es-
cape from the cage. In a case like this, we cannot re-
gard this imitation as a series of congenital responses 
to the perception of particular movements. The rat goes 
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through the similar motions in order to release 
himself from the cage and by keen observation, he 
notices the movements necessary for his OWn deliver-
ance. 
THE SPECIFIC ~ROBLEM. 
- : - THE S.t:'ECIFIC .t'l-W.bLEM -:-
The problem of this present work is · to deter-
mine the "Effect of Endocrines upon Animal Behavior". 
It is a consideration of the internal secretions or 
Itincretions" of the various organs and their reaction 
upon the rate of learning of a mammal; the factor of 
age and its relation to the rate of learning in the 
problem box method; a comparison of the time required 
in learning a problem to that of forgetting the same 
problem, with special reference to the individual 
animals. The advance of experimental biology with its 
various methods for observing and comparison of the 
above stated problems has made possible a more compre-
hensive understanding of why animals act as they do. 
Thus animal behavior has blossomed into an experimen-
tal science with a rich background of both the biolog-
ical and psychological sciences. The problem box method 
of making discriminations, which requires an analysis on 
the part of the individual animal in making a "correct" 
choice, is very satisfactory in the determination of 
rates of learning. In the present problem it is applied 
in the determination of possible modifications in that 
rate ariSing as the result, perhaps, of modified physiol-
ogical processes concomitant upon the oral administration 
of incretion products. 
-21-
MATERIALS AND METHODS. 
. . 
. . 
. -.- MATERIALS & METHODS . -.-
Domesticated rats were selected for these 
experiments. It is obvious that a diverse heredity 
might cause consistent differences in the rate of 
learning; therefore, the experimental and control 
groups of animals were composed of litter brothers 
and sisters; litters of rats were divided into two 
equal groups and the two halves of each litter were 
assigned, one to the experimental group and one to 
the control group. The animals of experiments A and B 
were albinos; those of experiments ~ and F were yellows, 
~ellow-hooded, and gray-hooded. These pigmented 
individuals were obtained by breeding yellows and 
yellow-hooded rats to albino rats. The stock animals 
were obtained from the Bussey Institution of Harvard 
University, through the courtesy of frofessor w. E. Castle, 
to whom I am grateful for the formula of the whole dry 
food used for rats in that Institution. 
The animals were housed in cages, the floor of Which 
is a square wooden frame, built of strips lli inches x 
112 inches and covered with a &ne-fourth inch galvanized 
wire mesh. The wall of the cage is a cylinder of this 
smme galvanized wire mesh, 9 inches in diameter. This 
wire cylinder was made by raveling out the edges of 
the mesh and using the projecting Wires to fasten the 
-22-
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two ends together. The resulting cylinder was 
fastened at the base in the same manner . The top 
of the cage is formed precisely as the base , but 
is not fastened to the cylinder , in order to be 
used as a door . The escape of the animal is pre -
vented by weighting the top . This type cage was 
devised by Dr . A. W. Homberger for use in studies of 
animal nutrition in the Department of Chemistry of 
the University of Louisville and I am glad to 
acknowledge his kind permission to use it for my 
purposes also . 
A "compound" cage is also in use , which was de-
vised in this laboratory with the aSSistance of 
Mr . S . H • . Matlack of Louisville , Ky . This cage con-
sists of four tiers of five compartments each. Each 
tier is separated from that next above it by a space 
2i inches high, where fresh sheets of paper were placed 
at regular intervals to provide for the removal of 
droppings . The compartments are ll~ inches wide, 94 
inches high and 15 inches from front to back. These 
compartments are covered with ~ inch galvanized wire 
. • mesh, with the exception of the top of the cage . The 
top of each tier, with the exception of the upper tier , 
is a single sheet of galvanized metal . Further, the 
partition between the first and second, and that between 
the fourth and fifth compartments of each tier are also 
of galvanized metal . Each compartment is provided with 
. , 
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a galvanized door 6~ inches square hinged at the 
top and provided with fas teners • These..-"l'hinges II and 
IIfasteners" were devised by Mr. S • .I:i. Matlack. 
Two other compound breeding cages are in use. 
These were also devised by ~r. Matlack and they are 
constructed in the same manner as the above, except 
that each compound cage consists of four vertically 
arranged compartments 49 inches high, 24 inches Wide, 
and 15 inches from front to back. 
The problem box used is a rectangular wooden box 
73i inches in length, 25t inches in width, and 9~ 
inches in depth, with an entrance 4t inches x 4i inches 
at one end. The entrance may be closed by a sliding 
door, which moves in a vertical direction in grooves 
on the outside of the problem box. A partition, divid-
ing the greater part of the length of the box into 
narroW right and left compartments, extends along its 
mid-line from a point 15i inches from the entrance to 
the opposite end of the box. Each of these narrow com-
partments, or run-ways, has its end, opposite the 
entrance-end, partitioned off by a cross-partition 14 
inches from that end, to form a light-tight compartment 
14 inches x 12 7/8 inches. In the center of each of 
these cross-partitions there is a ground glass window 
4-2 inches square. Each of these sInall compartments 
contains a 40-watt electric light bulb controlled by a 
switch on the outside of the left side of the problem 
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box, near its entrance end. The entire box is 
painted a dull black. 
On the floor, in front of the entrance, there 
is a pair of minc plates and in front of each ground 
glass window there is another similar pair of zinc 
plates. These electrodes are connected with two 
"medical induction coilsH in such a way that a current 
may be passed at will through any pair of them. In 
front of each ground glass window is set a small cocotte, 
one containing a small quantity of food, the other one 
empty. This food was whole corn and owing to the length 
of the run-ways, the factor of smell was eliminated. 
This box is, therefore, arranged for the use of 
"puniShment and reward" in IIteaching" the animal and 
also to guard against the formation of a IIdirection 
habitU , since either window may be illuminated and the 
cocottes interchanged at will. 
The experimental room is a room, located near the 
animal room on the second floor of the Hiology Building. 
The floor space of this room is'6~ feet x 3 2 feet. 
There is a door at the anterior end and this is the 
only opening into the experimental room, w~ich is both 
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Each experiment concerned two groups of indiv-
iduals, one experimental and the other control, and 
these groupS were of equal size. The two groups 
for each experiment were obtained by taking entire 
litters of rats and dividing each litter into two 
equal parts, one of which was assigned to the experi-
mental group, the other to the control group. This 
procedure was followed in order to eliminate, as 
completely as possible, the factor of heredity. 
The cages were carefully labeled so that there 
could be no possible danger of confusing the identity 
of the various individuals. Then the four experiments 
were designated A,B,D, and F respectively, and the 
letters E and C, indicating "experimental" and "controllf 
animals were combined with the former letters as follows: 
AEI, AE2, AE3 and AE4 designate the four experi-
mental individuals of Experiment Aj and ACl, AC2, AC3 
and AC4, their corresponding controls. 
In Experiment B, there were ten rats, five experi-
mentals, BEl, BE2, BE3, BE4, BE5j and five controls, 
BCI, BC2, BC3, BC4, BC5. 
In Experiment D, there were ten rats, five experi-
mentals, DEI, DE2, DE3, DE4, DE5j and five controls, 
DCI, DCg, DC3, DC4, DC5. 
In Experiment F there were six rats, three experi-
mentals, FEI, FE2, FE3; and three controls, FCI, FC2, FC3. 
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Food and water were served in small individual 
custard cocottes, three inches in diameter. These 
are of pottery but porcelain lined. The food con-
sisted of bread and milk, the latter being furnished 
gratiS by the Gray Von Allmen Company, Louisville, Ky., 
to whom I wish to express my sincere appreciation of 
this courtesy. The food was served daily after the 
animals had been run in the problem box. The experi-
mental rats were fed the hormotone in dosages varying 
from ~ to I gram, mixed with the bread· and milk. At 
various times such green material as kale was fed to 
keep the diet as balanced as possible. 
The containers used for the dry tood are small 
galvanized iron boxes 5 inches x 5 inches x 3 inches. 
The top, Similar to that of an ordinary cuspidor, could 
be removed from the box. The hole at the center of the 
top is I 3/16 inches in diameter, Which is precisely 
large enough to permit the entrance of the head of the 
animal, but not the body. We are indebted to rrof. 
W. E. Castle of the tlussey Institution for a descrip-
tion of these dry food boxes. The dry food was pre-
pared according to the following formula, furnished to 
us by trofessor Castle: Rolled oats, 5 parts by volume; 
hominy, 3 parts by volume; powdered milk, 12 parts by 
volume; beef scrap, 22 parts by volume; and a trace of 
salt. In addition, dog biscuits were kept wired to the 
~ ,. 
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sides of the cages . 
The material used f or bedding is known t o the 
trade as Waxed ¥araffin Clippings . 
The rats were placed in the problem box 
individually . The room was kept totally dark . The 
food was placed before the unlighted window for the 
A and B series and before the lighted window for the 
D and F series . When the animals of Experiments A 
and B went to the lighted window of the problem box 
, that was , of course , an inco~rect choice and the 
animal in quest i on was given an electric shock . When 
animals of Experiment s D and F went to the unlighted 
window , they likewise were given an electric shock. 
Correct choices were rewarded by finding food . The 
light was shifted at irregular intervals as well , in 
order to prevent the formation of a "direction habitll . 
In case the animal did not move after it entered 
the problem box , it was given a slight shock , but not 
sufficient to cause him to make a hasty choice . 
Each rat was given ten trials each day . The choice , 
correct or incorrect as it might be , the direction , and 
the date were recorded in "a book kept for that purpose . 
DISCU ~lON AND RESlfLTS 
. ( 
_ : _ DISCUSSION AND RESULTS . -. -
The albino rats used in Experiment A were 
born on April 51 1923 . On June 1st, experimental 
feeding was begun. They were given one-half gram 
of hormotone daily for the succeedi'ng period of 
164 days . Then each individual , experimental and 
control l was subjected to the problem box training 
until he had mastered his problem. This was con-
sidered accomplished when the animal had made 
one hundred consecutive correct choices l at the 
rate of ten per day . The feeding of hormotone was 
continued with each individual until he had solved 
his problem as stated above . 
- 30-
- 31-
EX.PERIMENTAL SERIES I . 
AEl; AE2; AE3; AE4. 
Days . Number of mistakes . Average number of 
Mistakes for each rat . 
1 20 5 
2 22 5 . 5 
3 20 5 
4 18 4 . 5 
5 12 3 
tl 9 2.25 
7 0 1 . 5 
8 13 3 . 25 
9 3 0. 75 
10 3 0 . 75 
11 3 0 . 75 
12 2 0 . 5 
13 1 0. 25 
14 1 0 . 25 
15 2 0 . 5 
J> 
Ib 1 0 . 25 
17 0 
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CONTROL t)ERIES I . 
AClj AC2; AC3j AC4 . 
Days . Number of mistakes . Average number of 
Mistakes for each rat . 
1 21 5 . 25 
2 21 5 . 25 . 
3 21 5 . 25 
4 20 5 . 
5 12 3 . 
6 15 3 . 75 
7 13 3 . 25 
8 13 3 . 25 
9 12 3 . 
10 13 3 . 25 
11 8 2 . 
12 6 1 . 5 
13 6 1 . 5 
14 9 2 . 25 
. 15 7 1 . 75 . .. 
. 16 4 1 . . 
17 5 1 . 25 


























S E J:{ I E S I -
Days. Average no. of Average no. of Average excess pe 
mistakes per rat. mistakes per rat. rat of control 
(Experimental) t Control} over experimental. 
1 5. 5.25 0.25 
2 5.5 5.25 -0.25 
3 5. 5.25 0.25 
4 4.5 5. 0.5 
5 3. 3. 
0 2.25 3.75 1.5 
7 1.5 3.25 1.75 
8 1.25 3.25 2. 
9 0.75 3. 2.25 
10 0.75 3.25 2.5 
11 0.75 2. 1.25 
12 0.5 1.5 1. 
13 0.25 1.5 1.25 
14 0.25 2.25 2. 
15 0.5 1.75 1.25 
10 0.25 1. 0.75 .. 
17 1.25 1.25 
18 .. 75 I rT5 
19 
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ExCESB OF CONTtWLS OVER Ex.PERD.mNTALS _ SERIES I. 
The albino rats used in Experiment B 
were born on July 15 , and 17 , 1923 . 
On August 10th, experimental feeding was begun. 
They were given 4/5 gram of hormotone daily for 
the succeeding period of 63 days . Then each 
individual , experimental and control , was sub-
jected to the problem box training until he had 
mastered his problem. This was considered 
accomplished when the animal had made one hundred 
consecutive correct choices , at the rate of ten 
per day. The feeding of hormotone was continued 
with each individual until he had solved his 
problem as stated above. 
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EXr-ERD.mNTAL SERlE3 2 . 
BEl; eE2; BE3; BE4j eE5 . 
Days . Nwnber of Mistakes . Average number of 
1listakes for each rat . 
1 31 6 . 2 
2 28 5 . 6 
3 23 4 . 6 
4 22 4 . 4 
5 13 2 . 6 
0 8 1 . b 
7 9 1 . 8 
8 5 1 . 
9 5 1 . 
10 2 0 . 4 
11 5 1 . 
12 2 0 . 4 
13 2 0 . 4 
14 4 0 . 8 
15 2 0 . 4 
..I 
Ib 3 0 . 6 
17 2 0 . 4 
18 1 0 . 2 
19 3 O. b 
20 0 -
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CONTROL SERlE:> 2 . 
BCl; BC2; BC3; BC4; BC5 . 
Days. NUIilber of Mistakes . Average number of 
Mistakes for each rat . 
1 28 5 . 6 
2 25 5 . 
3 21 4 . 2 
4 14 2 . 8 
5 17 3 . 4 
b 17 3 . 4 
7 14 2 . 8 
8 15 3 . 
9 12 2 . 4 
10 13 2 . 6 
11 13 2 . 6 
12 11 2 . 2 
13 11 2 . 2 
14 12 2 . 4 
15 8 1 . 6 
.. 
8 1 . 0 10 
17 7 1 . 4 
18 6 1 . 2 
19 3 0 . 6 
20 1 0 . 2 
21 0 
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S E H I E B g. 
Days . ~erage no . of Average no . of Average excess per 
mistakes per rat . mistakes per rat . rat of control over 
{l!;x:Qerimental) {Controll eX:QeI'imental ! 
1 6 . 2 5 . 0 - 0 . 8 
2 5 . 0 5 . - 0 . 6 
3 4 . 6 4 . 2 - 0 . 4 
4 4 . 4 2 . 8 - 1 . 6 
5 2 . 6 3 . 4 0 . 8 
6 1 . 6 3 . 4 1 . 8 
7 1 . 8 2 . 8 1 . 
8 1 . 3 . 2 . 
9 1. 2 . 4 1 . 4 
10 0 . 4 2 . 0 2 . 0 
11 1 . 2 . 6 1 . 6 
12 0 . 4 2 . 2 1 . 8 
13 0 . 4 2 . 2 1 . 8 
14 0 . 8 2 . 4 1 . 6 
15 0 . 4 1 . 6 1 . 2 
.. 
10 0 . 6 1 . 6 1 . 
... 17 0 . 4 1 . 4 1 . 
18 0 . 2 1 . 2 1 . 
19 0 . 6 0 . 0 
















The yelloW hooded rats of Experiment D were 
born on May 2 , and 8 , 1923 . On June 1st , experi -
mental feeding was begun. They were given 2/3 gram 
. .r* d · l f h of hormotone a~ y or t e succeeding period of 147 
days . Then each individual , experimental and control , 
was subjected to the problem box training until he 
L 
had mastered his problem. This was considered 
accomplished when the animal had made one hundred 
consecutive choices , at the r ate of ten per day. The 
feeding of hormotone was continued with each individual 
until he had solved his problem as stated above . 
* * * * * * * * * * * EX..PERlMENTAL SERlE:) 3 . 
DEI; DE2 ; DE3 ; DE4 . 
Days . Number of Mistakes . Average number of 
mistakes for each rat . 
1 21 5 . 25 
2 29 7 . 25 
3 22 5 . 5 
4 11 2 . 75 
5 17 4 . 25 
6 8 2 . 
7 1 0. 25 
8 1 0 . 25 
9 0 
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CONTHOL bEH1E::) 3 . 
DC1 ; DC2; DC3j DC4j DC5 . 
Days . Number of Mistakes . Average number of 
mistakes for each rat . 
1 26 5 . 2 
2 23 4 . 6 
3 20 5 . 2 
4 19 3 . 8 
5 15 3 . 
6 13 2 . 6 
7 10 2 . 
8 8 1 . 0 
9 3 0 . 0 
10 2 0 . 4 
11 3 0 . 6 
12 2 0 . 4 
13 0 
-44-
EA.t'ERIMENTALS AND CUNTHOL'::i -- S£ IE::; 3. 
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i::) E .t{ I E S 3 . 
Days . Average no . of Average no . of Aver·age excess per 
mistakes per rat . mistakes per rat . rat of control over 
( Experimental) (Control) experimental . 
1 5 . 25 5 . 2 0 . 05 
2 7 . 25 4 . 6 - 2 . 65 
3 5 . 5 5 . 2 - 0 . 3 
4 2 . 75 3 . 8 1 . 05 
5 4 . 25 3 . - 1 . 25 
6 2 . 2 . 6 0 . 6 
7 0 . 25 2 . 1 . 75 
8 0 . 25 1 . 6 1 . 35 
9 - 0 . 6 0 . 6 
10 0 . 4 0 . 4 
11 0 . 6 0 . 6 
12 0 . 4 0 . 4 
13 
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The gray and yellow hooded rats used 
in Experiment F were born on July 20 , 1923. 
On August 20th, experimental feeding was begun. 
They were given one gram of hormotone daily 
for .the succeeding period of 81 days . Then 
each individual , experimental and control , was 
. 
subjected to the problem box training until he 
had mastered his problem. This was considered 
accomplished when the animal had made one 
hundred consecutive correct choices , at the rate 
of ten per day . The feeding of hormotone was 
continued with each individual until he had 
solved his problem as stated above . 
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EX..!:'EHIMENTAL SERIFS 4 . 
FE1 ; FE2 ; FE3 . 
Days . Number of :Mistakes . Average rrumber of 
mistakes for each rat . 
193 
2 4 1 . 3 
3 8 2 . 6 
4 4 1 . 3 
5 5 1 . 6 
6 2 0 . 6 
7 1 0 . 3 
8 o 
COWf ROL ~BRIES 4 . 
FCl ; FC2 ; FC3 . 
Days . Number of Mistakes . Average number of 
mistakes f or each rat . 
1 15 5 
2 13 4 . 3 
3 8 2 . 6 
4 2 0 . 6 
5 4 1 . 3 
6 3 1 . 
7 1 0 . 3 
8 0 
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EXL'BRIMENTAIB AND CONT.t{OLS -- ,sERIES 4 . 
In o 
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s R I E S 
Days . Average no. of Average no . of Average excess per 
mistakes per rat . mistakes per rat . rat of control over 
( Experimental) (Control) experimental . 
1 3 . 5 . 2 . 
2 1 . 3 4 . 3 3 . 
3 2 . 0 2 . b -
4 1 . 3 O.b - 0 . 7 
5 l . b 1 . 3 - 0 . 3 
0 0 . 6 1 . 0 . 4 
7 0 . 3 0 . 3 
8 
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lliARNING AND FORG~T'rlNG 
Rat. No . of days required No . of days re- Percent that 
in learning the quired in forgettin~ forgetting time 
problem. the problem. is of learning 
time . 
S ERrE:> 1. 
AEI 8 5 62% 
AE2 12 6 50 
AE3 9 4 44 
AE4 10 7 43 
AC1 18 4 22 
AC2 15 0 40 
AC3 18 5 28 
AC4 18 4 22 
" " " ~~ " .;" i~ ~} " i, "I, "i" "',~ .... ~, 
S ERIES 2. 
BEl 19 8 42 
BE2 Ib 7 42 
BE3 Ib 5 31 
BE4 19 b 31 
BE5 14 7 50 
Bel 19 5 26 
BC2 20 7 35 
BC3 18 4 22 
BC4 17 l> 35 
BC5 19 5 26 
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Rat . No . of days re - No . of days re - Percent that 
qui red in learning qui red in for - · forgetting time 
the problem. getting the is of learning 
problem. time . 
~ERIE:> 3 . 
DEI (Died) 
DE2 8 6 75% 
DE3 6 6 100 
DE4 6 7 lIb 
DE5 7 6 8b 
DCl 5 4 80 
DC2 14 3 21 -
DC3 11 6 54 
DC4 8 5 62 
DC5 10 5 50 
"~r .; .. ~} .. ;~ .. i(- -3~ ~~ ";r ~~ 
~ERIES 4 . 
FEI 6 5 83 
FE2 7 8 114 
FE3 3 5 160 
FC1 5 2 40 
FC2 7 7 100 
FC3 6 8 133 
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AVEHAGE NUMbEH OF DAYcl .till"'l.U1RED '1' 0 liliAHN t'HOBLBM . 
Series . A. B. D. F. Average . 
Experimenta1s . 11 . 25 16 . 8 6 . 75 5 . 33 10. 03 
Controls . 17 . 25 18 . 0 9 . 0 b. O 12 . 80 
In the first series , rat AEI learned the problem 
in eight days and rat AE3 in nine days . The greatest 
number of days required was sixteen, by rat AE4 . On 
the contrary , rat AC2 of the controls , learned the 
problem in fifteen days , or in one day ' s time less 
than was required by the highest in the experimental 
animals of the same series . The other three control 
animals required eighteen days each . 
In the second series , rat BE5 of the experimentals 
learned the problem in fourteen days; while rats BE2 
and BE3 required sixteen days; rats B~l and BE4 
required nineteen days each. Of the control animals , 
r~t bC4 learned the problem in seventeen days . Rats 
bCI and BC5 learned the problem in the same length of 
time as their control brothers BEl and BE4 . Rat BC2 
required twenty days to complete the problem. 
In the third series , there is a tie between rats 
DE3 and DE4 j each required six days to complete the 
problem. Rat DE5 required seven days , while rat DE2 
required eight days . On the contrary , rat DCI of the 
control animals required only five days to learn the 
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problem; a day less than that required by any 
experimental animal of the same series . Rat DC4 
required eight days , or the same number of days 
as required by rat DE2 . Rat DC2 required fourteen 
days to complete the problem or twice as long as 
rat DE5 . Rat DC5 required ten days , or twi ce as 
l ong as rat DCl . 
In the f ourth series , rat FE3 learned the 
problem in three days . FEI required six days , the 
same number as rat FC3 . Rat FCI required five days 
to learn the problem; the least number of days re -
quired by the control animals . 
Considering the four individual experimental 
groups , 1 found that the fourth or F series made the 
best progress . The average number of days required 
in learning the problem for the experimentals was 
5 . 33 days , while the controls of the same series re -
quired 6 . 0 days . The third or D series stands next , 
with an average of 6 . 75 days for the experimentQs and 
9 . 6 days for the controls . The first or A series 
required an average of 11. 25 days for the experimentals 
and 17 . 25 days for the controls . The B series had an 
average of 10 . 8 days for the experimentals and 18. 6 days 
for the controls . In every case , the experimental 
animals learned the problem in a fewer number of days 
than the control animals of the same series . This means , 
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of course , that the experimental animals , on the 
average , learned with fewer trials than the 
controls , since in every case each animal was 
given ten trials daily. For example , the B series 
experimentals required an average of 108 trials , 
while the B series controls required an average of 
180 trials to master their problem. ~he control 
animals of the D and F series learned the problem 
in a fewer number of days than the experimental 
animals of the A and B series . The D and F series 
required about half the time as that required by the 
A and B series . The average of the experimental 
groups shows that they learned the problem in 10. 03 
days , while the average of the control groups was 
l2 . 8b days . 
The rats that were trained to go to the lighted 
side of the problem box learned the problem in the 
shortest period of time , as compared with those that 
were trained to go to the dark side . 
Organotherapy is based upon the activity of 
endocrine extracts , after they have passed through the 
alimentary tract and their active principles have 
reached the blood to be ca rried by it , just as the 
corresponding active principles which would have been 
produced in the normal gland are carried , to bring 
about the physiological activity in the remote cells 
which they control by this hormone activity. 
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There are signs that endocrine therapy is 
making faster progress than physiological 
endocrine research. That is to say, glandular 
preparations used more or less empirically, are 
obtaining results, the interpretation of which, 
physiology has still to determine. This is the 
case in reference to the present results. The 
hormotone-fed animals on the average, learn faster 
than their control litter brothers and sisters. 
Further, the number of days during Which experi-
mental feeding continued prior to the outset of 
work in the problem box, may also have a modify-
ing effect upon the rate of learning, though the 
present results cannot be taken to indicate this 
point conclusively, since the factor of heredity 
was not n controlledu here. In any · event, however, 
the rats of the D and F series were considerablv 
younger than those of the A and B series, when first 
put in the problem box and they learned the problem 
in noticeably fewer trials than the latter. 
SUMMAHY AND CONCLUSION. 
-: ... SUMvIAHY AND CONCLmHON . -. -
It has been shown by the above experiments 
that diet may have a modifying effect upon the 
rate of learning , in the problem box method , by 
lower mammals . Since the experimental agent used 
was "Hormotonell , prepared by the G. W. Carnrick 
Company of New York Cit~, which consists of extracts 
of thyroid , ptuitary , ovary and testis in tablet 
form , each tablet containing one-tenth gr . of 
desicated thyroid and. one - twentieth gr . of whole 
ptuitary, there is no relati on of the present work 
to the subject of "endocrine balance . 1I However , 
there is an indication that rats given smaller daily 
doses , continued over a longer period of time , learn 
less rapidly t~an those given larger daily doses for 
a shorter period of time . The experimental animals 
of series A were given one -half tablet of Hormotone 
daily for 191 days , including the time used in the 
learning process; the experimental animals of Series 
B were given 4/5 tablet of Hormotone daily for "93 days , 
including the learning period; the experimental animals 
of Series D were given 2/3 of a tablet of Hormotone 
daily for lbo days and those of Series F were given 
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one tablet of Hormotone daily for 99 days, includ-
ing the learning period. The experimental animals 
of oeries D and F learned more rapidly than those 
of Series A and ~. 
Another point of interest here is the age of 
the animals at the incidence of experimental feeding. 
This too, seems to have a differential effect upon 
the rate of learning, though in this case, this result 
is obscured by the lack of control of the factor of 
heredity and the difference in the size of the daily 
, 
dosage of the four series. Experiments deSigned to 
answer the above questions are under way in this 
laboratory. 
The animals of Series A and B were trained to go 
to the non-illuminated chamber for food; those of 
Series D and ~. were trained to go to the illuminated 
chamber. The latter learned much more rapidly than 
the former, in the case of the controls as well as the 
experimentals. The wild rat is a nocturnal animal, so 
it would seem that the individuals of the D and F beries 
"Vlere handi capped in this respect, as regards those of 
the first two series. In this connection, the factors 
of age and heredity must also be borne in mind. 
Since the controls of oeries D and F learned more rapid-
ly than those of oeries A and B, heredity may be the 
effective factor here, though it cannot account for the 
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differences in rate of learning between the 
experimental and control groups of the same 
i ndiVidua l series . 
We may conclude first , that, as far as 
these experiments are concerned , differences in 
diet exercise a modifying effect upon the rate of 
learning in the problem box method; second , that 
there are indications for this .work that both 
the age of the animal at the beginning of training 
and the amount of the daily dosage and its con-
tinuation also may modify the rate of learning. 
It is recognized that the very snaIl nu~ber 
of animals concerned here does not justify one in 
drawing any final conclusions from these results . 
'1'0 supply this If lack of quanti ty,l , other experiments 
are in progress . 
Mr . E. G. Causey , working in this laboratory, 
: 
has found in the case of a Single litter of rats , that 
trypsogen fed to one -half of the litter , caused these 
experimental animals to exhibit a definitely more 
rapid rate of growth than their control brothers and 
sisters . This would seem to be corraborative of my 
results since the demol~trable effects of differences 
in diet are probably the expression of induced modi -
fications in the physiological processes concerned. 
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Further , it is conceivable that a more rapid 
physical development , implying as it does , a 
more rapid increase in the mass of the cerebral 
tissue , may be correlated with a more rapid 
deve l opment in the ability of the animal to form 
associations of ideas . 
• . 
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